INTRODUCTION
In a previous study erythrocytes from cobalt-treated rabbits were observed to exhibit higher amounts of the lipid peroxidation products, malondialdehyde (MDA)1) than untreated erythrocytes.
Increased hemoglobion concentrations in rabbit plasma treated with cobalt chloridei1) demonstrates the vulnerability of erythrocytes and its tendency to hemolyze. It is apparent that the peroxidation of erythrocyte unsaturated fatty acids can occur in vivo together with the formation of lipid hydroperoxides and consequently there is a decrease in unsaturated fatty acids2). Mengel and Kann3) demonstrated the in vivo formation of lipid peroxides in tocopherol-deficient mice during the hyperoxia which precede hemolysis. Tappel4), and Pritchard and Singh5) have postulated the destruction of rat tissue polyunsaturated fatty acid (PUFA) in the absence of vitamin E which they attribute to in vivo lipid peroxidation.
Horn et al. 6 ) observed from their analysis of the fatty acid distribution in erythrocytes, that there was no in vivo destruction of arachidonic acid in vitamin E deficient rabbits.
They demonstrated that in vitro peroxidation of erythrocytes from vitamin E deficient rabbits caused a lowering of the arachidonate content but did not occur in the controls. Jacob and Lux7) have shown that membrane phosphatidylethanolamine (PE) is selectively attacked by hydrogen peroxide generated by glucose oxidase and glucose. PE contains a high concentration of polyunsaturated fatty acids8) and thus may be very vulnerable to destruction by H2O2. Lubin et al.9) found that the percentage of arachidonic acid in E-deficient erythrocytes decreased while palmitic acid increased in PE incubated with H2O2.
The present study was undertaken to clarify whether cobalt is responsible for in vivo oxidative decomposition of erythrocyte membrane polyunsaturated fatty acids, or whether it acts to increase the production of free radicals, which in turn promote the susceptibility to peroxide in membrane when erythrocyte is exposed to H2O2 in vitro. It was confirmed that the increased MDA concentration is the basis of the increased H2O2 susceptibility of erythrocytes in vitro and is unrelated to the increased amount of the biologic antioxidant, vitamin E.
MATERIALS AND METHODS
Male albino rabbits weighing 2.5-3.5kg were used for all experiments. The animals were deprived of food after the first injection. Control rabbits were also deprived of food for three days. Blood was drawn from the cobalt-treated animals 24 hr after the last injection and from the control animals, 72hr after the start of food deprivation.
Blood was drawn from the ear vein of the animals using heparin as an anticoagulant.
The plasma washed twice through a normal saline solution. They were then resuspended in the saline to a hematocrit value of approximately 40-50%
and aliquots was taken as follows: 0.1ml for erythrocyte counts; 2ml for ghost preparations; 1ml for the erythrocyte peroxide hemolysis test; 1ml for the hemolysis test using p-chloromercuribenzoate and 2ml for erythrocyte lipids extraction. Ghost Preparations10)
Two ml of the suspensions were added to 40ml of hypotonic veronal buffer (30 in Osm, pH 7.4). The contents were mixed by stirring throughly and allowed to stand for 5 minughost bottom was stirred with veronal buffer, and the mixture again allowed to stand for the final washing, ghosts were resuspended with approximately 4ml veronal buffer and subjected to lipid extraction and analysis. Extraction of Phospholipids Two ml of the ghost suspension were extracted with 20ml chloroform-methanol (2:1), containing 5 mg/dl of antioxidant, 4-methyl-2, 6-di-tert-butylphenol (BHT).
Four ml of saline were added to the extract and mixed. The mixture was allowed to stand in the dark overAfter being warmed to room temperature, the mixture was centrifuged for 5min at to ascending chromatography in a closed glass developing tank which contained hexaneether-acetic acid (90:10:1) containing 50mg/dl of BHT, and developed about 40-50min. For the analysis of total phospholipids, the applied spot was scraped and extracted with chloroform-methanol (2:1) containing 5mg/dl BHT. Two out of the 8ml of extracted solution were analyzed for phospholipid phosphorus and the residual 6ml were used to analyze phospholipid fatty acids. Separation of Phospholipids by Thin-Layer Chromatography7)
Six ml phospholipids were dried under a stream of nitrogen and dissolved again in one-dimensional thin-layer plate and developed in tanks saturated with the solvent; chloroform-methanol-acetic acid-H20 (25:15:4:2, v/v) containing 50mg/dl BHT for 90-120min. The chromato-plates were dried under a stream of nitrogen.
The spots were visualized by spraying with specially washed 0.04% 2', 7'-dichlorofluorescein under ultraviolet light in a darkend room until the lipid had just reached a distinguishable level. Phospholipid phosphorous was identified by simultaneous chromatography of reference phospholipids. The spots corresponding to the reference phospholipids were scraped into test tubes, and extracted with chloroform-methanol (2:1) containing 5mg/dl BHT. Chloroform-methanol was added to the extracts to 8ml, 2ml of which were analyzed for phosphorous and the remaining 6 ml were used for a gas-chromatographical phospholipid analysis. Phospholipid phosphorus was determined by the method of Bartlett11).
Preparation of Ghost from Erythrocyte Incubated with H2O212)
To prepare the ghost erythrocytes incubated with H2O2 approximately four ml of heparinized blood was centrifuged for 10min.
The plasma and huffy coat were removed and replaced by an approximately equal volume of azide buffer and mixed throughly.
Two ml of the cell suspension were added to 8ml azide buffer. The mixture was centrifuge for 5min were added to 4ml of Drabkin's reagent and the Hb concentration was measured.
The final Hb concentration was brought to exactly 3g/dl by adding the required amount of azide buffer. Five ml of this suspension was then transferred to a tube and incubated by allowing the solution to run down the side of the tube.
The mixture was then incufor ghost preparation was the same as described above. Preparation of Methylesters13) For the methylation of fatty acids, six ml of chloroform-methanol solution were evaof 2ml of 3% HCl-methanol, the tube was sealed with a cap under a stream of nitrogen.
After the tube was heated for 1min in a water bath, the cap was loosen slightly to let water bath for 2hr.
After the fatty acid transesterification had been completed, 2.0ml of distilled water and 5ml of n-hexane were added and stirred with Vortex mixture for 1min. The tube was second extraction carried out with 5ml of n-hexane was pooled with the first, and dried
Gas-Liquid Chromatography
GLC was carried out on hexane-dissolved samples with a Shimazu gas chromatograph gas at a flow rate of 55ml/min. To produce a flame, 40ml/min of hydrogen and 400ml/ min of air were introduced to a hydrogen/oxygen burner. The percentage composition was calculated from the peak area proportions by multiplying the height of the peak by the width at the peak's halfway point. Plasma Lipid Analysis Plasma a-tocopherol levels were determined according to the fluorometric method of Thompson et al.14) modified by Abe and Katsui15). The MDA assay was carried out according to the method of Stocks et al.12) . Plasma cholesterol was determined by a modified form of the method of Zak16) and Henry17). Plasma triglyceride was measured by a modified form of the Van Handel and Zilversmidt method18).
Hemolysis Test
Osmotic fragility measurements were performed as described by Parpart et al.19) . A hydrogen peroxide hemolysis test to determine the in vitro lytic sensitivity of erythrocytes to hydrogen peroxide has been developed by Gordon et al.20) . The hemolysis test with a membrane SH inhibitor, p-chloromercuribenzoate (PCMB), was performed according to the method described by Sheets et al.21) . The final concentration of PCMB was equivalent the supernatant at 120min from the completely hemolyzed sample. Another hemolysis test by PCMB was measured according to the method described by Jacob and Jandl22), in which erythrocytes were incubated in a buffered saline solution containing a final concenmeasured subsequently.
RESULTS
When rabbits were administered cobalt chloride their plasma a-tocopherol levels were more than double those of the controls (Table 1) . Marked rises in plasma triglyceride and a significant elevation of plasma cholesterol were also induced by cobalt treatment. The (r=0.767) and significantly (r=0.350) with plasma cholesterol.
Erythrocyte malondialdehyde concentrations in cobalt-treated rabbits was more than doubled when measured against controls. There is a significant correlation (r=0.446) between erythrocyte MDA concentration and plasma a-tocopherol level.
In our previous study with cobalttreated rabbits, a slight but significant increase in hemolysis was observed by measuring the amount of hemoglobin in the plasma. The results, shown in Table 1 , demonstrate that neither osmotic fragility (Parpart test), nor hydrogen peroxide hemolysis (PHT-test) altered in cobalttreated rabbits.
The effects of the membrane SH inhibitor, PCMB, on hemolysis are shown in Table 1 . Nevertheless, a direct relationship existed between the degree of blockage of membrane sulfhydryl groups and hemolysis, when erythrocytes were incubated with PCMB. There was no appreciable difference in hemolysis between cobalt-treated and control rabbits The points for erythrocytes from cobalt-treated and controls represent the mean of 6 experiments hemolysis initiated at 120min and then elevated to describe various curves, which at 180 min reached their maxima. As shown in Fig, 1 , erythrocytes from cobalt-treated rabbits underwent less hemolysis at 180min than controls. The effects of H2O2 on the predominant fatty acid in the major phospholipid of controls are shown in Table 2 . After exposure to H2O2, the percentage of both unsaturated and saturated fatty acids did not change significantly.
There is no significant difference in the major fatty acid percentages between subjects and controls when erythrocytes were incubated without H2O2 (Table 2 and 3) . On the other hand, as indicated in Table 3 , when erythrocytes from the cobalt-treated animals were incubated with H2O2, there was a significant decrease in the percentage of arachidonic and linoleic acid in the total phospholipid and PE, and a decrease of linoleic acid was also observed in PC. Increased percentages of palmitic, stearic and oleic acid and decreased percentages of linoleic and arachidonic acid are evident in PE from cobalt-treated animals after incubation with H2O2.
Analogous results were obtained in total phospholipid fatty acids of cobalt-treated erythrocytes incubated PC, phosphatidylcholine; PE, phosphatidylethanolamine; SM, sphingomyeline; PL, phospholipid Table 3 Predominant fatty acid composition of three major and total phospholipids in cobalt-treated rabbits erythrocytes incubated with and without H2O2
Data are expressed as percentages of the total fatty acids present (determined from the sum of gas chromatography peaks) PC, phosphatidylcholine; PE, phosphatidylethanolamine; SM, sphingomyeline; PL, phospholipid * p<0.05, ** p<0.01 with H2O2.
DISCUSSION
In the previous study1), we observed a significant increase of hemoglobin content in the plasma of cobalt-treated rabbits.
We noted difficulty in collecting the blood from ear veins of cobalt-treated rabbits owing to the constriction of blood vessels and to an increase of blood viscosity. Mechanical damage during the collection of blood may be responsible for the hemolysis. It should be remembered that subsequent to cobalt treatment, blood is susceptible to hemolysis. The osmotic fragility test, which determines the resistance of erythrocytes to hemolysis in varying concentrations of hypotonic saline at room temperature, was examined, but no significant differences were noted between experimental subjects and controls.
Since thiobarbituric acid reacts specific with malondialdehyde, a secondary product formed from lipid peroxides, the TBA test has been used most extensively to detect lipid peroxides.
Using this test, an increased concentration of erythrocyte MDA was observed in the erythrocytes of cobalt-treated rabbits.
Lipid peroxidation has been found to precede erythrocyte hemolysis23). Horn et al.6 ) demonstrated that the consumption of polyunsaturated fatty acid by vitamin E-deficient rabbits tended to promote peroxidative hemolysis as determined by osmotic fragility in the presence of hydrogen peroxide.
The present study shows that although cobalt increased the amount of MDA in erythrocytes, there were no significant changes in the erythrocyte peroxide hemolysis test (Table 1) . PCMB has been shown to cause hemolysis in vitro due to the inhibition of membrane sulfhydryl groups21). Jacob and Lux7) demonstrated that ghosts prepared from vitamin E-deficient erythrocytes diminished titrable sulfhydryl activity when erythrocytes were exposed to H2O2. and as an antioxidant in vivo or in vitro27). A reactive oxidizing radical interacts with a PUFA and abstracts a proton to form the fatty acid radical PUFA in the process described as a scavenger of the lipid peroxide induced by cobalt. Enhanced lipid peroxidation, however, was shown by the thiobarbituric acid reaction with malondialdehyde.
The glutathione peroxidase activity in plasma did not increase in the rabbits treated with cobalt28). The sulfhydryl compound, glutathione, in a reduced state (GSH), which was unaltered in the erythrocyte may reflect the unchanged activity of glutathione peroxidase.
When selfhydryl compounds in erythrocytes are inhibited by PCMB, the erythrocyte membrane vulnerability caused by cobalt-treatment may be responsible for the susceptibilility to hemolysis. However, there was no difference in hemolysis between cobalt-treated and control animals PCMB for 2hr. 3, 6, 7, 9) , and loss of membrane sulfhydryl activity7). Tappel4) has postulated the destruction of the rat tissue PUFA in the absence of vitamin E which he attributes to in vivo lipid peroxidation.
Horn et al.6) analyzed fatty acid distributions in erythrocytes and found that there was no in vivo destruction of arachidonic acid in vitamin E deficient rabbits. They observed that such erythrocytes often contained a higher percentage of arachidonic acid than did those of controls. They also demonstrated that the peroxidation of erythrocyte PUFA occurred in vitro but not in vivo.
Lipid peroxidation occurs when unsaturated fatty acids are exposed to a free radical generating system such as hydrogen peroxide.
Jacob and Lux7) have shown that membrane phosphatidylethanolamine decreases significantly in vitamin E deficient rats when erythrocytes were incubated in the medium to which H2O2 was added. Phosphatidylethanolamine in erythrocyte membranes contains a high concentration of polyunsaturated fatty acids and hence it is very vulnerable to destruction by H2O2. Lubin et al.9) reported that when the lipids of erythrocyte membranes were labelled with saturated and unsaturated fatty acid and incubated with hydrogen peroxide, the concentration of palmitic acid increased in E-deficient erythrocytes while arachidonic acid decreased.
These alterations did not occur in phosphatidylethanolamine fatty acids of normal erythrocytes incubated with H2O2. Stocks et al.12) 
SUMMARY
Membrane phospholipid composition was studied in the erythrocytes of cobalt-treated and control rabbits.
The results showed that there were no changes in the percentages of unsaturated and saturated fatty acids in control animals, when erythrocytes were incubated with hydrogen peroxide. However, when erythrocytes from cobalt-treated rabbits were incubated with hydrogen peroxide, a significant decrease in the percentage of polyunsaturated fatty acids, arachidonic and linoleic acid, and a reciprocal increase in saturated fatty acids, palmitic and stearic acid were found in total phospholipid and phosphatidylethanolamine. A more than twofold increase in the amount of malondialdehyde (MDA) was generated antioxidant, doubled in the cobalt-treated rabbits. 
